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Anti-obesity Effects of Black Bean Chungkugjang Extract in 3T3-1L1
Adipocytes and Obese Mice Induced by High Fat Diet
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“)Dept. of Life Science, The University of Suwon, Gyeonggi 445-743, Korea

Abstract

In this study, we investigated the antioxidative activity (scavenging activity of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical and superoxide anion radical) and anti-obesity effects of black bean chungkugjang extract
(BBCE). DPPH free radical-scavenging activity and superoxide anion radical-scavenging activity (SCso value)
of BBCE were 162.7+2.8 ppm, and 205.62+3.6 ppm, respectively. The anti-obesity effects of BBCE were inves-—
tigated by measuring Oil Red O staining in 3T3-L1 adipocytes. BBCE reduced the content of Oil Red O dye
in 3T3-L1 adipocytes. We also examined the effects of BBCE on adiposity, serum lipid, and leptin levels in
obese mice fed a high—-fat diet. Mice were fed the BBCE experimental diets for 7 weeks, after which they were
sacrificed. ICR male mice were randomly divided into three groups, one normal diet group (ND group) and two
high fat diet groups with or without BBCE supplementation (HFD group and HFD-BBCE group). The results
showed that weight gain and the food efficiency ratio significantly decreased upon addition of BBCE compared
to those of the HFD group. Further, white adipose tissue weights of epididymal, mesenteric, and retroperitoneal
areas in the HFD-BBCE group were reduced to 34.8%, 7.1%, and 40.6%, respectively, compared to that of the
HFD group. The serum levels of triglycerides, total cholesterol, LDL-cholesterol, and leptin in the HFD-BBCE
group were significantly lower than those of the HFD group. Based on these results, it can be concluded that
BBCE may have beneficial effects on reducing fat mass and serum lipid content.
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darade]l dEAAGANAN AYE FHEHS JAEL =
ik y-7t2 5 A 7)9} a-olv| =717} ofuto]l = AZH
~EfHEol=2 v E oA ALEE ofn| =AM
el Z g FF =2 y—polyglutamic acid, 7-PGA)©]
o} RXF7VA| Natrialba aegyptiaca, Bacillus acthracis,
Bacillus magaterium, Bacillus licheniformis 59 o7}
Aiste ZeE RuEi glov diF UHE mAEQ
Bacillus subtilis®] 984 AAE= y-PGA7} 713 4xkE
o]th(10). y-PGAS] R1H d5o 2+ WY 715 57, Al
ZU Al 9 vtolel 2

iy~

o 3} <% genis-
tein Fal3 A AaFS AASIS Fdiks a5 YE
U (12), SA 27 HAA 2=H o) 93t FAE T3 Aol

< F YA E4FE heat shock protein(HSP), glucose-

related protein(GRPs)¥ 22 ~Ed 2 vl A8 3|
stoza fket, A, AP SO dig FdeS
el Aoz deA Aoh13). A= daol i A
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rea)o| X Bacillus subtilist KCCM12248)E +Futo}l Al-8-3}
At 3T3-L1 cell& ATCC(American Type Culture Col-
lection, Manassas, VA, USA)ZFE T3t 23 AL
€3} fetal bovine serum(FBS), Dulbecco’s modified Eagle
medium(DMEM)2  GIBCOAHRockville, MD, USA)el| 4
T Y3892 ™, insulin, dexamethasone, 3-isobutyl-1-me-
thylxanthine(IBMX), Oil Red O, formaldehyde, isopropyl
alcohol 59 A2FL Sigma Chemical Co.(St. Louis, MO,
USA)OlA 4kt T o]9 8] Aok 19 v 5585
AHEstATH AW 548 Al M (Cleantech TG-S) kit, &
FH2HE 54§ AA(T-CHO) kit, HDL-Z# 2ElA
(HDL-CHO) kit= o}AHA| 2FH(Gyeonggi, Korea)oll A -3}
9ar, :ME =A & kit= RayBiotechAHNorcross, GA, USA)
ol A T3t

F4E =Ho| A8E UV-VIS &34 Spectronic
Genesys 5(Milton Roy, Ivyland, PA, USA) 29 Al-83}
Rom, ELISA microplate reader”]+ VersaMax(Molecular
Devices, San Francisco, CA, USA)E A&}t

HA2ZE 2T FE29 M=
St A EHEAE A BAFWS Bacillus subtiliss

nutrient broth(beef extract 0.3%, peptone 0.5%) A 37°C,
18A1ZF Hlj gt vl k- 8,000 rpmoll A 1023+ A& 3
o cell pellets #23tAth A= AH st 7FEA17]
(HS-9041, Hahn Shin Scientific, Gyeonggi, Korea) 121°C
oA 30F7 & the FE3] A3k &2 AE el
3} cell pelletS A28 FA9 0.1%7F =2 HZE3+90h
AZE T A0°CAA 72AZF HEAA AT A=FS A x5
At He&F ATF THFE 129 HIEE ¥ 25°Col
A 24217 ZoF w7 (DA-SI-LL, DongA Scientific,
Gyeonggi, Korea)oll A wHt FZ3}3 ) o] filter paper
(Whatman No. 42)& AF&-3ted A& $ AFH-E 60°Coll A
723853 (R-114, Buchi, Flawil, Switzerland)a}o] ¥
FE 2 AZ3FATHE0 mesh).

DPPH free radical 2751t &

AeFZ AZF FEE9 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical 24 &35 &<13}7] 913}l Yasushi
F(159 #+3& W3t 4F3Ah 02 mM FEV} HE
= of|gh&o) &3]3 DPPHE 15 mL, HF% % 15~250 ppm
ol HEE FEHE &3 HeF A= 5= 015 mL,
ZHF 1.35 mLE H7bste 308 B8t Ad=2olA vk
% 520 nmollA] EFEE =A359 T DPPH free radical
A2AGIHR)E 1-AEE H71S Rk FRE/AEE
H71eHA & tEzT Y] F8E) x100 A o2 RE 7353
o} 2 A3 = 50% radical 2AEHE YEFE W 2] sample
FTE = 50% scavenging concentration(SCsy) Zk 2.2 e}
WAt SN ZTFO 2 epigallocatechin gallate(EGCG) €+



Superoxide anion radical AHE D =X

HeF A= 259 superoxide anion radical 274 &
I} =& nitro blue tetrazolium(NBT) ¥ (16)& o] &
st 243 A Y. FF % 30~500 ppmo] HEE TEH
Z 833 AT H=IF FEE 0.05 mL, FAA(0.4 mM
xanthine, 0.1 M potassium phosphate buffer(pH 8.0), 0.24
mM nitro blue tetrazolium) 0.5 mL, &2 4(0.048 unit/mL
xanthine oxidase, 0.1 M potassium phosphate buffer(pH
85)) 0.5 mLQ HA7betar & &3] 37°CellA] 208 <
Wkg-A171 & 70 mM sodium dodecyl sulfate(SDS) 1 mL<
A7tste E/\ WSS AXAIA 560 nmoll A FFEE =A
stdth SOD fAtEAd S8 435 53l superoxide anion
radical 2AEIH(%)E L7 e Ao gHE LIPS
W, 11 A¥e SCo#t o2 e AT ST 02 ALS
3k EGCG$} ascorbic acide #E % 1~10 ppme| =&
A3 I-ANEE HI7te g7 FHE/NAEE
A7VeHA e iz F35)) %100

3T3-L1 adipocyte2| HH ¥

3T3-L1 cell& American Type Culture Collection® 5-E]

d3FATh AlEE 10% FBSo] X3E DMEMS A1-8-3}
75T-flasko| A 5% COo, 37°C incubatoroll A =i 3} Th.

~49 ¥ ANE7} confluentstA H™ 0.05% Trypsin/0.53
mM ethylenediaminetetraacetic acid(EDTA)Z =] 2] s}
MEE Bt YAE 711,500 rpm, 5 min)oll A AEZE
2o T AZEUEE 1x10" cell/mLE 3]43te] 12 well
platedll 1 mL#] plating 3te] v FslAct 2P FHHA 10%
FBS7F 289 A28 DMEM B o 2 ulH S} 3~
49 3 M| Z7} confluentdtAl W o] & Fo] DMEM ujj 4
ol 5 mg/mL insulin, 0.25 mM dexamethasone, 0.5 mM
IBMX7} 3 7}4 differentiation mediume %) 2]3}o] #3515

=319} 29 Fol= 5 mg/mL insulin® E3HH nj kol
o7 w3ks ]__L 201oﬂ B‘]— H~]/}?\1 ;\H HOkoﬂ o= 71—0}?,_13:]}\1 B
3IE F=3tH17). 64 A= insuline] -f=o] AR &

J

2 mFdoz AEE g F 7R AEE A3t
24X ZF Fo] Oil Red O 94& A &A -
Mz=d &4
NE AEEY 54& 9% methylthiazolyldiphenyl-
tetrazolium bromide(MTT) assay= Sladowski 52| ®H
(18)& wet Pt wFAzl 3T3-L1 AZE 96 well
plateoﬂ 1x10° cell/well 2 ¥F3}o] 16~18/\]7P Hj g &
TR NG AT AT FEES 2403 A A
1:]—. 5 mg/mLZ £33 MTTE4-S 10 pL/990 pL medium
©° 2 H7}SE & 5% CO,, 37°Coll A 3AIZF vl el AT, vl %
o] B th Wl FAS AAT F DMSO 200 pL/well2 ¥

}alolg Feig vhge] Funraz nXe 4 1237

3 208 7F wykEle] ELISA reader® 595 nmoA &3 ==
=43t

Ol Red O &34

A ajfd e HEa AXE 1GA77] 8l 10% for-
maldehydeZ 500 uL¥ Zt wellol] ¥ 4°Coll A 1417t <t
Hj ksl el 2 Fo formaldehyde® W& il PBSE A ¥
Aold F Oil Red O E22FOil Red O 0.25 g= isopropyl
alcohol 50 mLoll =<1 §AS S/HF9 32«] H &2 42
% 045 um filter2 A#gE &-A)S 500 uLA B3 thA] =
],ﬂ 1A 7F SoF oi/\}lzs ‘6‘ PBSZ 39 Ak]oiqqo%q_ Oi/\Ho]
B AEZE dujgez AFsigon, #F & welld 500 ul
9] isopropyl alcoholZ A E ] g QRS F&3)
o] spectrophotometerZ 520 nmoll A OD# S =43

(19).

HESE 9 40|
ICRAl PF-2(34, 653+ ()&
gi, Korea)oll A F9)3te] 177 A&7 7 AP A-&-3f
Atk AF 717 T 3 AR AfFRo] HHAHLH,
AR LT 2242°C, 5T 55+5%, WU 12412 F7)
2 AF 2-83A o AP TS A ol (normal diet, ND
), DA o] & (high fat diet, HFD<%), 32X "4H4] o]
o} HeF ARG FEE 5% M7MH(high fat diet+5%
black bean chungkugjang extract, HFD-BBCE) . 2 —_[L
AT Al E T A o) 2 77 HIRRE =33
As> NFED g AA A 9L F 7H"]§r—r2§],
2ol TS F 23 ST AFd AHEH Hole
A e} = (Samtako)AH Gyeonggi, Korea)oll A vl 8} NIH#
3IM 72l olo] HE 15%E FH71ste] dubd o]l & A =3}
Hom, NIH#3IM Z7FE4olell A& 15%, =A(lard) 5%,
cholesterol 0.196, casein 5% & 3 7}slo] LAY ol & A%
8199 aL, A o) casein U4l HLF HHHF FEE &
@ 5%E Htet] AT AT FE2E FAUMlE ZA

stg o Mg ZABE Table 13 2t}

1>

AE O] 2(Gyeong-

0-10

HURF U BH ZAl

shg2o] @7 Ul FAAW, 2 2HE, HDL-Fa2
HE 2 99 2457 A5 UAz 4 F AAES oY
M=z AT F AY ALt de Pl g Lol
2083 WA E 5 8000 pmel A 2083 A4 el so] B3
& ARSI, BAL IR WCAN LB, T4
W, $Z0 26 E, HDL-29 208, 99 5798 kitg 418

3t 74zt 4389 LDL- iiﬂ"ﬂ]i 3Fe2 Friedewald
2] o «]”5‘}04 ]*}0}93\5}(20) LDLEZ# 22
FAAAL/5).

—F ey

Rg==Ee 74 =8

AAF Az o] A 2A7] Aste] GAg A3



1238

Table 1. Compositions of experimental diet for the animal
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Table 2. DPPH radical and superoxide anion radical scav-—

study (%) enging effect of BBCE
) .. Experimental diet SCs” (ppm)

Diet composition  ND HFD HFD-BBCE? DPPH free Superoxide
NIH#31MY 85 749 749 radical anion radical
Lard - 5 5 BBCE” 162.7+2.8% 205.62 +36.6
Corn starch 15 15 15 Ascorbic acid 42%0.3° 135127
Cholesterol - 0.1 0.1 EGCG” 1.9402° 247+05°
Cas?lr}z) o o B })SCSOZ 50% scavenging concentration.
BBCE _ _ o Values with different letters within a column differ signifi-
Total 100 100 100 cantly (p<0.05), mean+SE (n=3).

UNIH#31M: Ground whole wheat 35.2%, ground whole yellow
corn 20%, ground whole oats 10%, wheat middlings 10%, fish
meal (60% protein) 9%, soybean meal (47.5% protein) 5%, soy
bean oil 2.5%, alfalfa meal (17% protein) 2%, dicalcium phos-
phate 1.55, brewer’s dried yeast 1%, ground limestone 0.5%6,
salt 0.5%, vitamin premix 0.25%, mineral premix 0.25%, chol-
ine chloride 0.135, L-lysine 0.1%6, DL-methionine 0.1%6.

BBCE: black bean chungkugjang extract.

g & up2o] Ra ST A H(F/ ), WA (A
W), B 2A4S 2ASHA AES AYAEFE
AH S oy AAAR FES AAT & Z2te] Atz 9
TZFS AU

SHEA

B A9 in vitro A 3753}‘—:— 33] whEste] AT B
T RFZTLAE ANS AL, in vivo BEAT?E +9 10
NAA A8t Jéﬂ-‘f‘r REELXE AASAT. SPSS

(ver. 10, Statistical Package for Social Science, Chicago,
IL, USA) A Z2 %9 one-way ANOVAZS A3 &
p<0.05¢] $-9]4ZF A Duncan’s multiple range testel <]
stof 2+ AT BwA el fel4e AR

_Ty_il-

#3923

=

DPPH free radical A7-| §ﬂ} =3
Aol A Lofpt 4k
E°m&®“ﬂ§
o] # ]

=she] ket Al
& 44 5}‘:} wEta EAks 2
Ll 7] 9% o WHe
D J‘ A3 free radical 24,
o3 =)o g nZ gitsl 29| 3
wo] AME-HTH21). Table 20149} 2
=59 SCxatel 162.7+2.8 ppmo. 2
Lee(22)= WaFo war|7td fﬂ—/\]—i]—
7}?{1- EJJJ} —*—}}-L’-] wE 5017;4] Z =
/mL-4 Tl A oF 60%9] AAEAES B E]-_L
y;_;r_g}oﬂ o Park 5(23)2 && 5 2% 2] DPPH free
radical 2A%& 43 A7 200 mg/mLe] FX9 /‘1 =03
(50.54%), ®5=(18.61%), H=74(17.08%)% &£A%5E
st A HusEtgS W AT AT FEE9 ditst §3ﬂr
7} % Ao 2 #aEY FHYURTFOZ ALEEH Z327)

H
o] 2

Ll

b

l
37
il

\4

"

}:I

YBBCE: black bean chungkugjang extract.
YEGCG: epigallocatechin gallate.

Zro] 1.9+0.2 ppm
bic ac1d-4 SCso

A& =4

Superoxide anion radical &AA &3 = xanthine®ll
xanthine oxidase”} 2H&-3l4 -0, 7} A= AAHH -0,
+ nitro blue tetrazolium(NBT)S& 3UA]A
=S UYEA T AL E -0, o AAFTES M 222 <l
tel 1 dhao] AafEle A E o] &3t SATTH2). 1
AH}E Table 20 AElatAdvh HeF F=4 FE=9
superoxide anion radical 22A &Il th3F SCsgh-2 205.62
+36.6 ppmeo]L, EGCG$} ascorbic acide 242} 247405
ppm, 1351427 ppm . 2 et DPPH radical A~ a3
Ao} vpIIR 2, ALeF A FEE 9] EGCGY ascor-
bic acid¢} IS = @& a5 Ho|A|7H FaAE
3t e AT o] 271 H =o gaaH e nel Ao
2 AIsEY 9 F a2 F EAlEke dE A kst

2 2+ chlorogenic acid,

Superoxide anion radical
] O

—

FEa}

o

o

O

=4
acid, isoflavone, | E}o] = ¢} ofm =4t & ZH E
# A QtH25). DPPH free radical, superoxide anion radical
AAREY 27 Ay Ao A=A 2220 iE) g
AL&Fl =)A= isoflavones(genistein, daidzein %)
2 peptide®t 8] obv]=4t 59 sIFEEC] GAEIG A
A& &g o) AdHE Y 7HA] AR 2 Vs =
AT AR FAEst] FsEFHE do7 AL

Z Alg "

isochlorogenic acid, caffeic
A Sol &

al
=

MNz=Yd &8
g =)

AGHEE o] &3kl MTTAI G o8 54
D. A&

X|2M| . 235} AN Szt =l
£ E3}% 3T3-L1
A3t A (Fig.

< 0 ppmellA] 5000 ppm % H<

AT % FE=o] AEFAY ES

T AT F=E



AT A= FE3E0] 3T3-L1 AYAZSG uALH oS F v Fuvtase] = I 1239

N SSIITET

20 4

0 T T T T T T T T T T 1
control 9.8 195 391 781 156.3 3125 625 1250 2500 5000

Black bean chungkookjang extract (ppm)

Fig. 1. Cell viability of 3T3-L1 adipocytes with treatment
of black bean chungkugjang extract (BBCE) at various
concentrations.

A S8 A 5000 ppm®] FE=IFA A E ] Al
TA Utk wEbA o)) Ao Ae K} txlgh
9191 4,000 ppm7HA] AHE-EFATE AT =G F
2 02 JAdE =e AF A7 Bl & w(2627)
H7F A2 GA depdar o] o2 A ZER
H] 1 A xﬂiiﬂol wo Aoz Holt)
AE FRlIet7] gt FAAYT
£ Oil Red O ¥4H-& 53l 3T3-L1
X FRAAE ¢S 3Tk FAAAY
2 182 S Aol 38Rk Aake] o ~H 2 Ajet
% A SAER AFske A 5% ool FAAW

oM, F= o AFAYY B4 FAHAAY M2 AZHH
i=]
B

re [u{-m
"

(28,29). £3% 3T3-L1 AYA X0 HF H=H F25
< 0, 500, 1,000, 2,000, 4000 ppmo-Z A3 & AR F4
"S- Oil Red O Algke =z G413k A} 1,000, 2,000, 4,000

ppme FEo A 24z} 95 129, 17.1%<] A4S JeEd e
1} 500 ppme] vl A @ Fx AHF3HS e E2+g
A C
B D

60 -

40 4

20 A

control 500 1000 2000 4000
Black bean chunkookjang extract (ppm)

Fig. 2. Effect of black bean chungkugjang extract (BBCE)
on the lipid content in 3T3-L1 adipocytes. The intracellular
lipid accumulation was quantified by Oil Red O staining. Data
are expressed as mean*SE (n=3). Values with different super—
script letters are significantly different by Duncan’s multiple
range test (p<0.05).

Hlwste] o1 Zpol7t glithFig. 2). ©] A= @v7
A BFAME YT Z2HA=E FAEAHFig. 3). Kim &
(30)¢] Oﬂ:rloﬂ A A=Al A B3 Bacillus subtilis® Bt
BAZ T SR F4 ARE 9 29 1 mg/mL
o5 iSTS—Ll A A o] A
#E Btk o] AHE 511 A&
L1 A E O %

H oAl

Ko 2 dooox
ok

N

Fig. 3. Inhibitory effect of black bean
chungkugjang extract (BBCE) on the
lipid accumulation in 3T3-L1 adipo-
cytes. Morphology of Oil Red O stained
adipocytes. Magnification, 100 x. A: dif-
ferentiated control (no addition), B: 500
ppm of BBCE, C: 1,000 ppm of BBCE,
D: 2,000 ppm of BBCE, E: 4,000 ppm of
BBCE.
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Table 3. Changes in body weight, food intake and food efficiency ratio of mice fed high fat diet containing BBCE of 7 weeks

Grou Initial Final Weight Food intake Food efficiency
b weight (g) weight (g) gain (g) (g/day) ratio (%)
ND 30.33+0.30™Y 40.61+0.55"" 10.28+1.61" 3.36+£0.43" 5.46+0.54"
HFD 29.20+0.38 42.24+0.61° 13.04+2.94° 3.26+0.37" 7.18+0.67°
HFD-BBCE? 29.64+0.41 40.31+0.54 10.66+2.40" 3.43+047° 5.41+0.49°

YFood efficiency ratio (%): (weight gain/amount food intake) x 100

YBBCE: black bean chungkugjang extract

INS: not significant

YValues with different letters within a column differ significantly (p<0.05), mean+SE (n=10).

Table 4. Effect of BBCE on serum lipid levels in mice fed high fat diet
Concentration (mg/dL)

Group TC) TG? HDL-C” LDL-C”
ND 178.92+5.19" 68.55+4.78° 9755+9.2° 47.95+2.22°
HFD 209.88 +4.60° 95.40 +2.43" 115.82+9.2° 79.55+3.59"
HFD-BBCE” 192.97 +4.41° 70.49+2.32" 104.13+12.4% 71.62+2.65"

UTC: total cholesterol. 2 TG: triglyceride. S)HDL*CZ high—density lipoprotein cholesterol.
‘%)LDL*CI low—density lipoprotein cholesterol. ”BBCE: black bean chungkugjang extract
Values with different letters within a column differ significantly (p<0.05), mean+SE (n=10).

walolo 5% HF A=A FEE EYS S99 HFD- FE5S F93 HFD-BBCET 2 U4 Z4sts AF¢o =
BBCET ol AE 73 34| 10.66+£2.40 g #Fo] Z7}1314 SAAHCZ 194 A YEFSTHpP<0.05). LDL-F 3| 2~
ND# FAMS FFo g2 e AFF73S Yehldo Eo] Tu A FAo| Ta3 ddoz FEs= Ao] vt
(p<0.05). A deormg FHWAZ HAJNAZAE F Fd 2H

o
2o] A F g HFDT o] NDTol| vla] d3 Fo] &2 it E XX LDL-Z¥ 28 E0] ¢ $2310H(33,34). HDL-
= | A upal o] Zrz 7} FY2HE FqFS =4 27 NDTEY A9 9755+92 mg/

A Aolg e =4 Yelget, ol 1
Tolx] UEhd &3¢l Aoz Rl dYdHEe HFDT dLol™, HFD+3 HFD-BBCET ¢ 7% Z+7} 115.82+9.2
3.26+0.37 goll vlale] NDi& 3.36+0.43 g, HFD-BBCEw mg/dL$} 104.13+124 mg/dLE SHFA oW, o|€A =4
2 3431047 g2 ta et A%4E YEYAh ol H & FY2HE, T4, HDL-Z8 28 E §3S 53
aA A o] 9] Ao|A o] FEZFS Fof Aol dFARFS 7 LDL-Z8 28 E dFS Ae Ao LDL-Z8 ¢
2713, 4 BTt 255 o] dHF] A7 2 IdEx a2 o] Hsle] BBCETo] 8oz
2] th(29). 1Y ATT7MEFS 19 Aol dHAFez e aes B A0t €% A2 ¥ i aadn
F AR Aol g &2 NDw o] 546+0.54% 5 e AL, A Aol 8S AN TE AT EHE(31-33)0] A
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Table 5. Effect of BBCE on white adipose tissue weight in
mice fed high fat diet

White adipose tissue Weight“

Group (g/mice)
ND 2.01+0.20"
HFD 2.21+0.35°
HFD-BBCE? 1.61+0.33¢

DWhite adipose tissue: epididymal, mesenteric and retroperito—
neal white adipose tissue.

BBCE: black bean chungkugjang extract.

IValues with different letters within a column differ signifi-
cantly (p<0.05), mean+SE (n=10).



,_A
o
o~
S
o
o2
2

o,
=
=
X9,
oo
o
ot
rO
QL
32
£
(o}
5
5
=)
AL
S

fr rle

H

N 0->\i —L
o
e
il
tlo
N

= &
ol
32
tlo
2
—_>‘I-",
)
of
o
i)
to
2
=
o oy

o
>
o=
i)
Iz oz
)
%
D)
ol
lo

o

0,
o
Ho
lo

b

fu

N

N

Ol
-

T3
nE;
fo ™=
ol-ﬂ_l}g_ﬂ
L
o}iﬁr‘&
% e
ﬂl-{}l'l-N J>'_‘
™
m{gﬁéiﬂﬂiﬂ
hi N s
2isie
o C o N
=R
_IE l-)imloioﬁ %
Beg My
o o M £t o i 17 g M
Moo o 0 N9 W R o

%2
tlo
sl 2

UM rlo
HLEOHJ

& ooz 12 XN ook o
o ogo 2 o ¥ o¥ A

)

Uehlol tAbY §Eg3 AdeA A

12
2
ol
2
k]
)
i)
olN
Lo
£
o
)
i
fol
H
fo o > o & gy
2 L

Q@ nE =

f
A S SR
oX,
oXx,
r_{
o
2
oE,
A
ot
oo
_0|L
fr
N,
=2
8 i
:(u)L_',
2
rr
alt
o
fng
__)il_!"

£ e > g o
N
rir
jn}
L = I
fo
i)
N
N
o,

0

B
%2 49 isoflavoned}t 22 A2&A E2AS dF3ln

o)

=

A Az H2T ATE FE259] kst a7 43}
°13+ A3} DPPH free radical &4 & 32} superoxide
radical 2AEHE SCo o2 YEMAS w ZHzt 162.7
+2.8 ppme} 205.62+3.6 ppm O Z e A HAM E £33}
AA &5 A5t et AL2F A7H F2ES 313

L1 AA el Hestich Bed A% 558 A0
olshe] MEZAE erA g9k Oil Red O 9412 531
AMAE W FAALY Fe ZAT A% BT T
FZE 4000 ppm & Al Ao 17.1%9] A 7HAE Ko
AMAE B3} A EHE SAsATE AL ool o)
FEE vl ohese] BRA, A2 A0, B
A7 AW 2 83 AR 329 WY v HeF
379 2520 ofd GFS v|NEA ATes) 95t
ICR vh$-2=0f] Quk2jo] & Foigh Quk4o]F(ND), 24
21012 Fo3t uA A o] (HFD)Z 1 x]W2]old] AL
A2 328 22 5% Fo3 F(HFC-BBCETD)SZ
Yol 7537 A9t Aol e dukA o3} 1)
w3t 4 d 3, 554, Agx2E FA7 A SH
7Rt W HeF A FEES TRl e
2lold] 93] FFA, AWzZ FA 2 5 F 2" E,

o

o\
M

LDL-Ed2HE

o]

AT FEEe AWAREY 315 A~
ol g2 S7HE AT ¥ Az FAE
BAE 24 N 7= 44D FFE vEhd S
T U o2 H2F HF FEE0] PN

Y= M2 71sA44F AA2A 7NE 7Hs Aol

[e]

=

10.

11.

12.

13.

14.

15.

16.

=

a al °
BASHA Had S AAsT 2EH

Y
& fo

=

o
k)
gk
o

Y0 flo mE mt 1> ofy ob

Aoz AT

A0
o

. Choi JW, Lee CK, Lee YC, Moon YI, Park HJ, Han YN.

2002. Biological activities of the extracts from fruit and
stem of prickly pear (Opuntia ficus—indica var. saboten)II.
Kor J Pharmacogn 33: 230-237.

. Kopelman PG. 1994. Causes and consequences of obesity.

Med Int 22: 385-388.

. Lee JJ], Lee DS, Kim HB. 1999. Fermentation patterns of

chungkookjang and kanjang by Bacillus licheniformis B1.
Kor J Microbiol 35 269-301.

. Hwang JS, Kim SJ, Kim HB. 2009. Antioxidant and blood-

pressure reduction effects of fermented soybean, chung-
kookjang. Kor J Microbiol 45: 54-57.

. Choi UK, Ji WD, Chung YG. 1998. Characteristics of

Chunggugjang produced by Bacillus subtilis DC-2. J
Korean Soc Food Sci Nutr 27: 846-851.

. Sumi H, Hamada H, Nakanishi K, Hiratani H. 1990.

Enhancement of the fibrinolytic activity in plasma by oral
administration of nattokinase. Acta Haematol 84: 139-143.

. Okamoto A, Hanagata H, Kawamura Y, Yanagida F. 1995.

Anti-hypertensive substances in fermented soybean, natto.
Plant Foods Hum Nutr 47: 39-47.

. Kim SH, Yang JL, Song YS. 1999. Physiological functions

of Chungkukjang. Food Ind Nutr 4: 40-46.

. Lee JO, Ha SD, Kim A]J, Yuh CS, Bang IS, Park SH. 2005.

Industrial application and physiological function of Chung-
kukjang. Food Sci Ind 38: 69-78.

Seo JH, Kim SC, Lee SP. 2008. Physicochemical properties
of poly- y—glutamic acid produced by a novel Bacillus sub-
tilis HA isolated from Cheonggukjang. J Food Sci Nutr
13: 354-361.

Kim JE, Lee SP. 2010. Evaluation of radical scavenging ac—
tivity and physical properties of textured vegetable protein
fermented by solid culture with Bacillus subtilis HA ac-
cording to fermentation time. J Korean Soc Food Sci Nutr
39: 872-879.

Record IR, Dreosit IE, Mclnerney JK. 1995. The antioxidant
activity of genistein in vitro. J Nutr Biochem 6: 481-485.
Wei H, Cai Q, Rahn R. 1996. Inhibition of UV light and
fenton reaction-induced oxidative DNA damage by the
soybean isoflacone genistein. Carcinogenesis 17: 73-78.
Shon MY, Kwon SH, Sung CK, Lee SW, Park SK. 2001.
Isolation and microbiological characteristics of Bacillus
megateriuum SMY-212 for preparation of black bean Chung—
kugjang. J Lite Sci 11: 304-310.

Yasushi S, Tsukase N, Keiko S, Hiroe Y, Hisashi Y. 1999.
Stopped-flow and spectrophotometric study on radical
scavenging by tea catechins and model compound. Chem
Pharm Bull 47: 1369-1374.

Okamura H, Mimura A, Yakou Y, Niwano M, Takahara
Y. 1993. Antioxidant activity of tannins and flavonoids in



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

el

rlo

FEucalptus rostarata. Phytochemistry 33: 557-561.

Mac Dougald OA, Hwang CS, Fan H, Lane MD. 1995.
Regulated expression of the obese gene product (leptin) in
white adipose tissue and 3T3-L1 adipocytes. Proc Natl
Acad Sci USA 20: 9034-9037.

Sladowski D, Steer SJ, Clothier RH, Balls M. 1993. An im—
proved MTT assay. J Immunol Methods 157: 203-207.
Green H, Kehinde O. 1975. An established preadipose cell
line and its differentiation in culture. II. Factors affecting
the adipose conversion. Cell 5 19-27.

Friedewald W, Levy R, Fredrickson D. 1972. Estimation of
the concentration of low-density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge. Clin
Chem 18: 499-502.

Ramarathnam N, Osawa T, Ochi H, Kawakishi S. 1995. The
contribution of plant food antioxidants to human health
trends. Food Sci Technol 6: 75-82.

Kim JE, Lee SP. 2009. Production of bioactive components
and anti—oxidative activity of soybean grit fermented with
Bacillus subtilis HA according to fermentation time.
Korean J Food Sci Technol 41: 179-185.

Park JW, Lee Y], Yoon S. 2007. Total flavonoids and phe-
nolics in fermented soy products and their effects on anti-
oxidant activities determined by different assays. Korean
J Food Culture 22: 353-358.

Kim KB, Yoo KH, Park HY, Jeong JM. 2006. Anti-oxidative
activities of commercial edible plant extracts distributed in
Korea. J Korean Soc Appl Biol Chem 49: 328-333.

Lee JJ, Cho CH, Kim JY, Kee DS, Kim HB. 2001. Antioxidant
activity of substances extracted by alcohol from chung-
kukjang powder. Korean J Microbiol 37: 177-181.

Kim DH, An BJ, Kim SG, P TS, Park GH, Son JH. 2011.
Anti-inflammatory effect of Ligularia fischeri, Solidago
virga-aurea and Aruncus dioicus complex extracts in Raw
264.7 cells. J Life Science 21: 678-683.

Lee SY, Kim HJ, Choi SW. 2011. Study on the antioxidant
activity of Geranium nepalense subsp. thunbergii extract.
J Soc Cosmet Scientists Korea 37: 61-66.

Chen HC, Farese ]J. 2000. DGAT and triglyceride synthesis:
a new target for obesity treatment? 7Trends Cardiovasc
Med 10: 188-192.

Duane WC. 1997. Cholesterol metabolism in familial hyper-
triglyceridemia: effects of obesity versus triglyceride level.

T A= FEE0] 3T3-L1L ALAES 114

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

1243

J Lab Clin Med 130: 635-642.

Kim JY, Jeong JE, Moon SH, Park KY. 2010. Antiobesity
effect of the Bacillus subtilis KC-3 fermented soymilk in
3T3-L1 adipocytes. J Korean Soc Food Sci Nutr 39: 1126
1131.

Park SH, Ko SK, Chung SH. 2005. Euonymus alatus pre-
vents the hyperglycemia and hyperlipidemia induced by
high-fat in ICR mice. J Ethnopharmacol 102: 326-335.
Wat E, Tandy S, Kapera E, Kamili A, Chung RWS, Brown
A, Brown A, Rowney M, Cohn JS. 2009. Dietary phospholi—
pid-rich dairy milk extract reduces hepatomegaly, hepatic
steatosis and hyperlipidemia in mice fed a high fat diet.
Atherosclerosis 205: 144-150.

Gotto AM Jr, Farmer JA. 2006. Drug insight: The role of
statins in combination with ezetimibe to lower LDL-
cholesterol. Nat Clin Pract Cardiovasc Med 3. 664-672.
Lee KS, Kim ]JB. 2009. Effects of the Sarcodon aspralus
on the high level of blood lipid and obesity induced by high
fat-diet in rat. J Life Science 19: 1265-1270.

Campfield LA, Smith FJ, Guisez Y, Devos R, Burn P. 1995.
Recombinant mouse OB protein: evidence for a peripheral
signal linking adiposity and central neural networks. Science
269: 546-549.

Palous A, Serra F, Bonet ML, Pico C. 2000. Obesity: molec—
ular bases of a multifactorial problem. Eur J Nutr 3: 127~
144.

Miller WC, Lindeman AK, Wallace J, Niedeerpruem M.
1990. Diet composition, energy intake, and exercise in rela—
tion to body fat in men and women. Am J Clin Nutr 52:
426-430.

Kim JH, Hahm DH, Yang DC, Kim JH, Lee HJ, Shim 1.
2005. Effect of crude saponin of Korean red ginseng on
high-fat diet-induced obesity in the rat. J Pharmacol Sci
97: 124-131.

Bjorntorp P. 1988. The associations between obesity, adi—
pose tissue distribution and disease. Acta Med Scand 723:
121-134.

Bjorntorp P. 1990. "Portal” adipose tissue as a generator
of risk factors for cardiovascular disease and diabetes.
Atherosclerosis 10: 493-496.

Despres JP. 1993. Abdominal obesity as important compo—
nent of insulin-resistant syndrome. Nurtition 19: 452-469.

(2011 89 17 A< 2011 9€¢ 5¢ )



